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The importance of mucopolysaccharides as an
integral part of connective tissues has been recog-
nized more and more in recent years. The muco-
polysaccharides of the dermis of the skin, both
normal and pathological, have been no exception
to this extensive and fascinating research. Be-
cause of the relative ease with which they are
performed, histochemical studies far outnumber
the biochemical analyses.
Histochemical technics provide a rapid, al-
though subjective and qualitative, method of
locating acid mucopolysaccharides in tissue sec-
tions. Certain stains are considered relatively
selective for some or all mucopolysaccharides.
Those most frequently used are mucicarmine (22),
Alcian blue (22), toluidine blue (19, 22), periodic
acid-Sehiff (22, 29), dialyzed iron method of Hale
(1), methylene blue extinction (22), cyanine red
(22), method of Rinehart and Abul-Haj (22), and
Mowry's modification of Muller's colloidal ferric
oxide (20).
Acridine orange (AO) has been used for general
fluorescent microscopy for some years (22).
More recently it has been used in exfoliative cy-
tology (8), for identification of malignant cells in
tissue sections (25), and for the study of kerati-
nous structures of the skin (31). In 1958 Ricks
and Matthaei (13) discovered accidently that
quenching of tissue sections with Weigert's iron
hematoxylin prior to staining with AO obliterated
all fluorescence except that due to acid mueo-
polysaecharides. Quenching with various sub-
stances, including iron, alters tissue components
in some unknown way so that they are no longer
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able to accept the fluorescent stain. Recently
Pickett et al (23), and Chick (6) reported the
usefulness of the Hieks-Matthaei method in
spotting and identifying systemic fungi in tissue
sections. This ability to stain with AO after
quenching is presumably due to the presence of
an as yet unidentified acid mueopolysaeeharide
in the capsule of the fungi (4). It has also been
used for locating dermatophytes by placing epi-
dermal scales on a microscope slide and adding a
drop or two of a mixture containing 1:10,000 AO
in 20% potassium hydroxide in the same manner
in which the classical potassium hydroxide prep-
arations are performed but with the addition of
the fluorescent microscope (7).
The present study developed from an investi-
gation into the specificity of the AO with iron
quenching (AOQ) method. The phenomenon of
fluorescence, as a method of localization, is
exquisitely sensitive. Therefore, if this technic
were found to stain acid mueopolysaeeharides
selectively, a method would be available whereby
minute amounts of these substances might be
detected histoehemieally. During the course of
this study the finding of large amounts of acid
mueopolysaecharides in aetinically damaged skin
was confirmed (12, 30).
METHODS
Tissues known to contain a high concentration
of acid mucopolysaccharide were stained first in
order to determine normal staining reactions;
especially that of AOQ. Specimens of normal
bovine ligamentum nuehae, human cartilage,
cornea, colon, bronchus, aorta, heart valve, and
umbilical cord served as control tissues and were
fixed for 24-48 hours in 10% formalin (pH 6.0),
embedded in paraffin, and cut 6 microns thick.
Adjacent sections were placed on separate micro-
scope slides and stained with hematoxyhn and
eosin (H and E), Oreein, Acid Oreein and Giemsa,
Alcian blue, Mowry's colloidal iron stain, and
AOQ. Mowry's method was performed as out-
lined by him (20), but with Nuclear Fast Red as a
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counterstain; AOQ as stated by Pickett et al. (23)
with the exception that we used a concentration
of AO of 1% at pH 8.0. The method as described
by Pinkus (24) was followed for Acid Orcein and
Giemsa. Other stains were performed following
the methods of the Biological Stain Commission
(28) or Pearse (22). The pH of AO was adjusted
using Tris (hydroxymethyl) aminomethane buffer.
The second phase of the study was to subject
sections of normal and actinically damaged skin
to the above stains. Under tbe title of actinically
damaged skin we include, for the purposes of this
study, actinic elastosis (basophilic degeneration
of collagen), actinic keratosis, basal cell epithe-
lioma, polymorphic light eruption, colloid milium,
and discoid and disseminate lupus erythematosus.
In some instances absolute alcohol or amino-
acridine-ethanol (22) were used for fixation.
Digestion with testicular hyaluronidase was
performed by incubating tissue sections for 3
hours at 37° C in 1 mg. hyaluronidase per ml.
0.85% NaC1 at pH 7.2. Two sources (Sigma Chem-
ical Company and Nutritional Biochemicals
Corporation) were used for hyaluronidase. The
influence of the solvent was investigated by
comparing saline to distilled water or Tris buffer
adjusted to pH 7.2. Control sections were in-
cubated for the same period in either saline, dis-
tilled water, or Tris buffer; each at an exactly
corresponding temperature and pH.
Methylation was carried out by incubating
tissue sections at 58° C. for 2 hours in a solution
of 0.05 N HC1 in absolute methanol. Control sec-
tions were incubated at 58° C. for 2 hours in 0.05
N HC1 in distilled water.
Saponification after methylation was carried
out according to the method of Spicer and Lillie
(27): methylated sections were treated with 1%
potassium hydroxide in 80% ethanol at 25° C.
for 20 minutes. Two controls were used: one which
received the appropriate stain only, and a second
which was saponified prior to staining.
The microscope employed was a Leitz Ortholux
equipped with a high-pressure mercury vapor
lamp to provide intense light for production of
fluorescence. The excitation filter (4 mm. BG-12)
produced light of wavelengths covering the range
3200 A to 4900 A with a peak at 4200 A. The barrier
filter (2.5 mm. 00-1) emitted only those wave-
lengths above 5100 A.
Determinations of pH were made with a Beck-
man Zeromatic pH meter.
RESULTS
Alcian blue and Mowry's technic stained the
areas of the control tissues known to contain
large amounts of acid mucopolysaccharide a deep
blue. Mowry's stain was consistently more
intense. AOQ produced a strikingly brilliant
orange fluorescence of the identical structures
which had stained blue with Alcian blue and
Mowry's method. The "background" tissue
varied from light yellow or green to dark green.
Pretreatment of these sections with hyaluroni-
dasc resulted in a partial or complete abolition of
the staining; the differences arising from the pro-
portion of hyaluronidase-labile mucopolysaccha-
ride* in each control tissue.
In normal skin Mowry's method and Alcian
blue did not stain kcratinizcd structures, epi-
dermal, or appendageal cells. There was noted to
be a rather prominent "band" of blue in all inter-
cellular spaces of the stratum Malpighii and ap-
pendages. The intensity of this "band" varied
directly in proportion to the amount of blue-
staining material in the dermis. Thus it was most
intense in those pathological conditions which we
studied which contained increased mucopoly-
saccharide in the dermis. This intercellular space
has been reported by Braun-Falco and Weber (3)
to be PAS positive and by Steigleder and Weakley
(29) to be Alcian blue and Hale-positive. When
sections were stained with H and E after methyla-
tion there was noted to be a significant loss of the
bluish color of the intercellular spaces. This was
most obvious in pathological tissue sections in
which the intercellular spaces were strongly
Mowry-positivc. Secretion granules of normal
sweat glands were Alcian blue and Mowry-posi-
tivc. Interspersed among the fine connective
tissue surrounding eccrinc glands, apocrine
glands, scbaceous glands and the base of hair
follicles were noted many thin, wavy strands of
blue staining material; incubation with hyalu-
ronidasc resulted in an approximately 75% re-
duction in the intensity of this staining. Methyla-
tion caused a 100% reduction in this staining.
Saponification restored approximately 50% of
the Mowry-positive material. In most sections of
normal skin there was noted to be a diffuse and
usually faint blue staining immediately beneath
the basal layer. Only occasionally did the base-
ment membrane stain. Our findings of the dis-
tribution of acid mucopolysaccharidcs in normal
skin agree with Montagna (17).
* Hyaluronic acid, chondroitin sulfate A and C
are susceptible to testicular hyaluronidase (22).
Chondroitin sulfate B (which is a major acid muco-
polysaccharidc of skin (16, 21)) is not dcpoly-
merized by hyaluronidase (16).
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Normal skin stained with the Hicks-Matthaci
method revealed, in some eases, a brilliant orange
fluorescence of the stratum corneum and a
striking yellow fluorescence of the inner root
sheath of hair. This has been described by Steiner
(31) using AO alone. In other instances, however,
stratum corncum and inner root sheaths did not
fluoresce. Further investigation revealed that
AO is very sensitive to changes in p11—at pH 8.0
stratum corncum fluoresced whereas at pH 6.0
it did not. Since the most intense fluorescence
was obtained with a concentration of AO of 1%
at pH 8.0 this is the method which we now em-
ploy. Only by carefully controlling the pH were
the results consistent. The collagen fibers varied
from yellow to light green. There were scattered
wisps of dull orange in the connective tissue
around the sweat glands, hair follicles and blood
vessels; corresponding to areas stained blue with
Alcian blue and Mowry's method. A thin band
between the stratum corneum and stratum
granulosum fluoresced a vivid light green. The
cells of the epidermis, and all appendages were a
nonfluorescent dark green.
Using AO without iron hcmatoxylin, the most
striking difference was the brilliant orange stain-
ing of cpidcrmal and appcndageal cell cytoplasm
and nuclear membranes, and the more vivid
yellow of the collagen bundles. Quenching had
no influence on the light green band between the
stratum corncum and stratum granulosum.
Incubation of sections of normal skin with
hyaluronidasc resulted in almost complete re-
moval of tbc dull-orange material in the connec-
tive tissue surrounding the sweat glands and
blood vessels; no effect was noted on the orange
of the cpidermal kcratin or yellow of the inner
root sheath.
Fixation of portions of the same normal or
pathological tissue in absolute alcohol or amino-
acridinc-ethanol did not preserve mucopoly-
saccharides any better than did 10% formalin.
Only after blocks of tissue had been in formalin
for 72 hours or more was there a decrease in the
intensity of staining.
Hyaluronidasc activity was histochcmically
identical from each of the two murces used.
Identical results were obtained whether the
hyaluronidasc solvent was saline, distilled water,
or Tris buffer, as long as the pH remained be-
tween 6.0 and 7.2.
Mowry's method stained the identical areas
which were stained with Alcian blue, but in all
cases the intensity of the former was much
greater. WTith the notable exceptions of stratum
corncum and mast cells, the orange fluorescence
of AOQ in pathological sections was seldom as
brilliant as it had been with the normal control
tissues. It varied from orange-brown to orange-
yellow in the areas corresponding to the blue
seen with Alcian blue or Mowry's stain.
Actinically damaged skin, whether it was that
of actinic clastosis per se, or that associated with
actinic kcratosis, basal cell epithclioma, poly-
morphic light eruption, discoid lupus erythcma-
tosus, disseminate lupus crythematosus or colloid
milium showed striking staining characteristics.
The identical areas which were basophilic with
H and E and markedly orccinophilic were found
to contain a large amount of Alcian blue and
Mowry positive material. This involved pre-
dominantly the upper one-third of the dermis,
but often extended, with progressively decreasing
intensity, into the mid-dermis. The intensity of
staining was directly proportional to the extent
of actinic damage clinically and the amount of
basophilia and orccinophilia histologically.
Generally speaking, from 50—75% of the
Mowry-positivc staining was removed by prior
incubation with hyaluronidasc. Essentially 100%
of the staining was blocked by mcthylation.
Hematoxylin basophilia was unaffected by
hyaluronidasc, but was decreased 75% by
mcthylation. Saponification restored only a small
fraction of the Mowry-positivc staining to
mcthylated tissue sections, whereas essentially
100% of the basophilia was restored by this pro-
cedure. The same results were obtained with
Alcian blue. With AOQ the areas which were
Mowry-positive revealed variable staining. In
severe actinic clastosis the upper-third of the
dermis was filled with an amorphous brilliant-
orange stain. With lesser degrees of actinic
damage there were only scattered brownish-
orange fibers. Results of AOQ staining following
hyaluronidasc digestion or mcthylation were
similar to those with Mowry's stain.
Sections of actinically damaged skin subjected
to the colloidal iron portion of Mowry's stain
and to the entire Mowry's stain showed no
diminution of basophilia when they were counter-
stained with hcmatoxylin.
The intensity of orccin staining was unaffected
by hyaluronidase, methylation or saponification.
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Hislochemistry of actinic elastosis
Basophilia Mnwry's Staining Orceinnphilia
Control
Hyaluronidase
Methylation
Saponification
Upper 3 dermis
No effect
Decreased 75%
100% Restored
Upper dermis Upper dermis
Decreased 75% No effect
Decreased 100% No effect
25% Restored No effect
mscussloN
The mucopolysaccharides of the skin have, for
the most part, been studied histochemically with
either PAS, Alcian blue, or toluidine blue. To our
knowledge this is the first investigation of the
skin employing Mowry's colloidal iron method
or AOQ.
Mowry's method depends on the affinity of
free acid groups (—COOH and —OSOH) for
ferric iron at a pH between 1.1 and 1.3 (20). At
this pH the carboxyl group is completely re-
pressed and binding of the iron probably is a
function of chelation. The sulfate group, however,
is still dissociated as —OSOi and the binding of
the iron is probably ionic (9). The blue color is
subsequently developed by the Prussian blue
reaction. Since AO is a basic dye the mechanism
of its staining is probably through a salt-type
linkage with the anionic group of the mucopoly-
saccharide.
Because mucopolysaccharides are water-soluble
the use of formaldehyde as a fixative has been
objected to by some authors. As reported by
other workers (20, 22) and confirmed by our-
selves this is of no practical importance, because
mucopolysaccharidcs were preserved well in
formaldehyde as long as fixation was not carried
beyond about 72 hours. Only the purified poly-
mers are water-soluble, bearing very little relation
to their behavior in tissues (9, 26) where they
arc bound to protein.
AOQ is unfortunately not to be recommended
for the study of mucopolysaccharides; primarily
because the color imparted when mucopolysac-
charides are present may vary from brilliant-
orange to brownish-yellow. This latter effect,
although possibly related to the concentration
and/or type of mucopolysaccharidc present, may
often lead to doubt regarding the presence or
absence of mucopolysaccharide. That it stains
stratum corneum a brilliant orange may indicate
the presence of mucopolysaccharides, rather than
a lack of specificity, since Flcsch et at (11) have
biochemically demonstrated hexosamine in callus.
An additional observation in this regard was that
methylation removed the bluish color of the
stratum corneum frequently noted in H and E
sections. The bluish color was only partially re-
stored by saponification.
Interestingly, however, mast cell granules stain
a brilliant orange with AO, and stand out in
striking contrast against a dark green back-
ground when iron quenching is used. Although
there are several good stains for mast cells, as
demonstrated by Cawley et at (5), the Hicks-
Matthaei method should prove of value for future
studies. Presumably mast cell granules accept
AO because of their heparin content—we ob-
tained no diminution of staining intensity after
incubation with hyaluronidase, but completely
obliterated staining after methylation, and were
unable to restore it by saponification.
The finding of a rather large quantity of acid
mucopolysaccharide in actinic elastosis led to a
study of many diseases occurring in exposed areas
of the body subjected to actinic radiation, includ-
ing actinic elastosis, actinic keratosis, basal cell
epithelioma, polymorphic light eruption, colloid
milium and discoid and disseminate lupus
erythematosus. In the case of basal cell cpitheli-
oma we are referring to the actinically damaged
skin around the tumor and not to the mucopoly-
saccharide immediately adjacent to and within
the masses of tumor cells. This latter finding has
been reported by other workers (19). The in-
creased acid mucopolysaccharide in association
with actinically damaged skin has been reported
previously by Gillman (12) using toluidine blue
and the method of Rinehart and Abul-Haj, and
by Steiner (30) using toluidine blue.
For many years dcrmatopathologists have re-
corded and described the basophiia associated
with actinically damaged skin (15). In some in-
stances it has even been emphasized as an aid
to diagnosis. Montgomery in 1939 (18) observed
that there was no basophilia associated with
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discoid lupus erythematosus when it occurred in
an unex posed area. We reasoned that the baso-
philia seen in actinically damaged skin might be
due to the presence of acid mucopolysaccharidcs
which would have an affinity for a basic dye,
whether it be hematoxylin, toluidine blue, or
others. Repeated attempts to remove the baso-
philia with hyaluronidase in H and E prepara-
tions, however, proved fruitless. Thus, the
hyaluronidase-labile, Mowry-positive substance
probably does not account for the basophilia.
Methylation, however, produced quite dif-
ferent results. In all eases of aetinically damaged
skin methylation completely obliterated the
Mowry staining and reduced the hematoxylin
basophilia 75%! Subsequent saponification of the
methylated sections restored only about 25% of
the Mowry staining but restored almost all of
the hematoxylin basophilia. The effects of
methylation are not completely clear. Fisher and
Lillie (10) thought that it blocked both earboxyl
and sulfate groups. Spieer and Lillie (27), by
saponification of the methylated product, fol-
lowed by staining with Azure A at various plls,
felt that methylation hydrolyzed the sulfate
esters and esterified carboxyl groups. Thus, as
demonstrated by them and by Kantor and
Schubert (14) metaehromasia cannot be restored
to sulfated mucopolysaceharides but can be re-
stored to earboxylated ones. Metachromasia with
basic dyes depends on the periodicity of reactive
acid groups in the polymer (26). In sulfated
mucopolysaceharides each sulfate group alter-
nates with a carboxyl group. Thus, desulfation
probably would completely obliterate meta-
ehromasia. Mowry's stain, however, could still be
bound by the intact carboxyl groups and would
account for the partial restoration of Mowry
staining by saponification of methylated tissue
sections. Hematoxylin would behave similarly.
Since basophilia was almost completely restored,
however, we would expect most of the involved
groups to be earboxyl.
If colloidal iron (as used in the first part of
Mowry's stain) is actually hound to reactive acid
groups on mucopolysaceharides, and mucopoly-
saccharides are responsible for the basophilia of
actinieally damaged skin, then these acid groups
should no longer he available to react with other
stains. To test this hypothesis we subjected sec-
tions of aetinically damaged skin to colloidal iron
and to the complete Mowry technic and then
counterstained these sections with hematoxylin.
The basophilia was unchanged. This data, to-
gether with the methylation and saponification
studies, suggest that reactive acid groups
(probably carboxyl) other than those on acid
mueopolysaeeharides are responsible for the
major portion of the basophilia found in chroni-
cally sun-damaged skin.
SUMMARY
A histoehemical study of the mucopolysac-
eharides in the dermis of normal and sun-damaged
skin has been undertaken. Stains used included
hematoxylin and eosin, Alcian blue, Mowry's
colloidal iron, and the fluoroehromc, aeridine
orange following quenching of the tissue with iron
hematoxylin. The latter technic was found excel-
lent for mast cells, but inconsistent and variable
for extracellular mueopolysaceharides.
Prior to staining, some sections were incubated
with hyaluronidase, or methylated and saponi-
fied to better characterize the mucopolysaceha-
rides.
From our data, we may conclude that: 1)
actinically damaged dermis contains an increased
amount of acid mueopolysaceharidc as indicated
by the staining reactions of Alcian blue, Mowry's
colloidal iron, and AO with iron hematoxylin
quenching; 2) a major portion of this mucopoly-
saecharide may be sulfated as only about 25% of
the staining is restored by saponification after
methylation; 3) because of differences in response
to histochemieal technies, the basophilia of
aetinically damaged skin appears to be due to
reactive acid groups (probably earboxyl) other
than those of acid mucopolysacebarides; and, 4)
the substances responsible for orceinophilia and
basophilia are probably different as the former
was unaffected by methylation.
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DISCUSSION
DR. GEED K. STEIGLEDEE (New York, New
York): I wish first to congratulate the investi-
gators on this beautiful pieee of work. Dr. Haab
and I studied the same problem with similar
methods and we came to a similar conclusion.
However, we found that the histoehemical
staining reactions in this material vary consider-
ably between various specimens and even be-
tween different sections from one specimen.
Our impression was, too, that this is not one
single material deriving from the elastic fibers or
from collagen or from the ground-substance.
Especially micro-radiography indicated that this
is a very complex material, and we felt that this
is not a degeneration product but a newly pro-
duced connective tissue of minor quality.
DH. ROBERT W. GOLTZ (Minneapolis, Minne-
sota): I too would like to thank Dr. Sams and
Dr. Smith for this excellent preseatation.
It seems to me one of the chief importances of
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this is an illustration of how far one can go in
investigating these problems by histochemical
technics. We need not be confined to simple ap-
plication of various stains to tissue, but can
manipulate these stains in the sections in various
ways to produce added information, as Dr. Sams
and Dr. Smith have done.
I would simply like to ask whether they have
applied these tcchnics to other connective tissue
disturbances such as colloid in colloid pseudo-
milium and also to amyloid.
DR. PETER FLESCII (Philadelphia, Pennsyl-
vania): Wouldn't it be more appropriate to refer
to the acridinc orange staining material as sul-
fated acid mucopolysaccharidcs?
DR. STEPHEN ROTHMAN (Chicago, Illinois):
Dr. Zachary Fclshcr at Northwestern University
in Chicago has completed a study on senile elas-
tosis. He used teased unstained preparations and
studied the physical properties and chemistry of
the clastotic fibers. He found that the masses
show no heat-contraction as collagen fibers do
and the solubilitics of the fibers arc similar to
those of elastic fibers and not to those of collagen
fibers. He also found a very low hydroxyprolinc
content as contrasted with the high hydroxypro-
line content of collagen. Of course, this does not
exclude the possibility that mucopolysaccharidcs
have been added to the fibrous material, but it
indicates that the nucleus of the material is
elastin rather than collagen.
DR. WILLIAM L. EPSTEIN (San Francisco,
California): May I second Dr. Rothman's state-
ments. In examining the earliest changes of senile
clastosis, it is clear that the first fibers involved
histochcmically appear to be elastic tissue. Then,
as the process evolves both collagen and elastic
fibers become altered. This is exactly what TJnna
described in the last century. Whether or not this
interpretation is correct will depend upon chemi-
cal studies, but investigators in this field must
realize that only the earliest lesions arc suitable
for analysis; later there is massive destruction of
all fibers.
DR. W. MITCHELL SAM5, JR. (in closing): I
would like to thank all the discussors very much.
In answer to Dr. Stcigledcr, we too, found a
variable intensity of staining in sections from
different patients with actinic clastosis. This np-
parently was dependent on the extent of the sun
damage. In some cases, we found differences on
repented staining of the same block of tissue but
this could be prevented by carefully controlling
the pH of the staining solutions and the concen-
trations of the various components of the stain-
ing solutions.
In answer to Dr. Flcsch, we suspect that AO
stains nonsulfated as well as sulfated mucopoly-
saccharides because of the vivid staining of fungus
capsules and umbilical cord.
Dr. Goltz asked whether we had studied col-
bid milium and amyloid. We have studied col-
bid milium and found very similar changes to
those of actinic clastosis. There nrc questionable
changes of this type within the colboid itself but
certainly not as prominent as in the dermis
around the deposits of colloid. We have not
studied amyloid by this method.
Dr. Rothman and Dr. Epstein mentioned the
possibility that a new mucopolysaccharidc may
be present in the dermis, and I think that this
possibility is far from excluded. Investigators in
the future will probably find additional ones as
technics become more refined.
Certainly, in answer to Dr. Epstein, although
there have been those who disagreed with TJnnn's
original concept of collagen that he described in
1896, I think that, more and more evidence is
accumulating that this orceinophilic material is
actually elastin, rather than degenerated colla-
gen.
